1. Introduction {#s0005}
===============

Autism and schizophrenia spectrum disorders are reported to share interpersonal and communication difficulties at a clinical and non-clinical level ([@bb0060], [@bb0260]). Much of this overlap has been identified through the use of self-report scales, such as the autism spectrum quotient (AQ; [@bb0020]) and schizotypal personality questionnaire (SPQ; [@bb0225]), that measure the core dimensions of the respective disorders. Within the non-clinical population, factor analysis of the AQ and SPQ subscales has demonstrated a shared trait phenotype, with the first factor comprising negative and disorganised symptom traits of the SPQ, and social and interpersonal difficulty traits of the AQ; this trait phenotype was coined Social Disorganisation ([@bb0095]).

Previous studies suggest potential cortical underpinnings of this shared phenotype at a clinical level ([@bb0220], [@bb0275]), and abnormal levels of neurochemicals such as glutamate and *γ*-aminobutyric acid (GABA), which are involved in cortical excitatory/inhibitory processes, have been reported in both autism and schizophrenia spectrum disorders ([@bb0235], [@bb0240], [@bb0025], [@bb0180], [@bb0285], [@bb0140], [@bb0130]). Furthermore, psychosocial dysfunction -- the central feature of the Social Disorganisation phenotype -- has been associated with an increased excitation/inhibition ratio ([@bb0300]). Finally, auditory processing deficits are reported across the autism and schizophrenia spectra ([@bb0160], [@bb0120], [@bb0245], [@bb0105], [@bb0110]), and these deficits have been related to glutamate and GABA concentrations ([@bb0160]), and social and interpersonal impairment ([@bb0115], [@bb0230]).

Glutamate is the primary excitatory neurotransmitter ([@bb0195]) and plays a crucial role in neural functioning ([@bb0040]). Glutamate is synthesised from glutamine via the enzyme glutaminase in glutamatergic neurons, as well as in astrocytes ([@bb0015], [@bb0190]). Although mostly intracellular, glutamate constantly cycles between extracellular and intracellular space ([@bb0040]). Inhibitory GABA, synthesised from glutamate via the enzyme glutamic acid decarboxylase (GAD), regulates glutamatergic excitation. Together, glutamate/GABA regulation is essential for neural migration, differentiation and plasticity ([@bb0265], [@bb0245], [@bb0040]).

Cortical glutamate and GABA are low molecular weighted metabolites that can be quantified using proton magnetic resonance spectroscopy (^1^H-MRS), which separates metabolites along a chemical shift spectrum ([@bb0100], [@bb0150]). However, glutamate, glutamine and GABA are often reported as a single Glx concentration due to their co-dependence and subsequently overlapping spectral peaks ([@bb0150], [@bb0265], [@bb0270]). The isolation and quantification of overlapping metabolites is dependent upon scanner strength and pulse sequence methods ([@bb0100], [@bb0270], [@bb0255]). A long echo time (TE) point resolved spectroscopy (PRESS) ^1^H-MRS sequence at 3T has been shown to successfully distinguish glutamate from glutamine, GABA and N-acetylaspartate spectral peaks ([@bb0255]). Similarly, to isolate GABA, the Meshcher-Garwood (MEGA)-PRESS editing sequence is reliably used ([@bb0200]). ^1^H-MRS, however, is only capable of quantifying the tissue concentration of metabolites ([@bb0185], [@bb0265], [@bb0270]), not functional cortical excitation and inhibition.

Among clinical samples, a higher concentration of Glx in the temporal lobe has been related to greater severity of autistic symptoms and negative symptoms of schizophrenia ([@bb0025], [@bb0280]), and higher glutamate concentration in the auditory cortex has been reported in autism studies ([@bb0025]). Increased anterior cingulate glutamate/creatine and Glx have been related to more negative symptoms, and social and communication deficits ([@bb0070], [@bb0285]), while the contrary was found in the parieto-occipital region and basal ganglia ([@bb0140], [@bb0180]). The hyper-glutamatergic hypothesis of autism presented by [@bb0090] suggests that a deficit in the GABA synthesising enzyme, GAD, and the presence of more astrocytes that take up synaptic glutamate to resynthesise glutamine and glutamate, leads to excess glutamate in autistic cortices ([@bb0080]).

In addition to hyper-glutamatergia, [@bb0085] suggest a theory of GABA~*A*~ receptor down-regulation for autism, whereby mediation of GABA inhibition is reduced leading to cortical disinhibition. GABA~*A*~ receptor dysfunction has also been implicated in an cortical excitation/inhibition imbalance in schizophrenia ([@bb0085]), and reduced GABA concentration and GABA/creatine has been reported in autism ([@bb0030], [@bb0240], [@bb0130]) and schizophrenia ([@bb0180]).

An imbalance in the excitation/inhibition ratio has also been widely attributed to *N*-methyl-[D]{.smallcaps}-aspartate receptor (NMDAr) hypo-function, particularly across the schizophrenia spectrum. NMDArs receive glutamate to activate glutamatergic and GABAergic neurons ([@bb0180], [@bb0175]). Hypo-function of these receptors reduces the inhibitory output of GABAergic interneurons, and increases cortical excitation through disinhibition of excitatory neurons ([@bb0175]). Furthermore, NMDArs have been implicated in auditory processing deficits that are seen across both spectrum disorders ([@bb0155]).

In sum, clinical and non-clinical traits symptoms of autism and schizophrenia have consistently been shown to overlap, and symptoms have been associated with auditory processing and neurochemical differences. This study, therefore, explores glutamate and GABA concentration differences in bilateral superior temporal regions, including the auditory cortex, between non-clinical individuals reporting a high compared to a low degree of the Social Disorganisation phenotype. It was predicted that glutamate concentration would be significantly higher and GABA concentration would be significantly lower for those reporting high Social Disorganisation compared to those reporting low Social Disorganisation. It was also hypothesised that the ratio of glutamate to GABA would be higher for the high Social Disorganisation group.

2. Method {#s0010}
=========

2.1. Participants {#s0015}
-----------------

Ethics approval was granted by the Swinburne University Human Research Ethics Committee (2011/033 Series C(d)). All participants provided written informed consent before commencing the study. A total of 1678 participants (428 males, 1250 females, age 18--40) completed the autism schizotypy questionnaire (ASQ). From the large pool of participants, 37 participated in the ^1^H-MRS study. Demographic information is presented in [Table 1](#t0005){ref-type="table"}. No participants in the low Social Disorganisation group reported a personal psychiatric history. In the high group, five participants reported a psychiatric history (3 depression, 1 bipolar, 1 anorexia); there were no self-reports of a history of autism or schizophrenia, and all claimed to be unaffected at the time of the scan. Participants were excluded if they were currently taking psychoactive medications.Table 1Participant demographic information (mean (SD)).LowHighMaleFemaleMaleFemalen810109Age (years)25.75 (7.13)22.9 (7.13)22.2 (4.61)22 (4.61)Social Dis. (*z*-score)−1.3 (0.27)−1.45 (0.27)1.5 (0.54)1.42 (0.54)AQ (/200)94.12 (8.15)92.6 (8.15)130.2 (10.16)132.56 (10.16)SPQ (/296)109.88 (11.91)107.8 (11.91)187.1 (16.53)188 (16.53)[^1]

There were no sex or group differences in intelligence as measured by the Raven\'s advanced progressive matrices short form ([@bb0005]). Smoking behaviour was recorded (high: male = 1  × 1/day, female = 1  × 6/day), and all participants were free of illicit drug and cigarette effects at the time of scan. As GABA concentration has been shown to be affected by female ovulation ([@bb0045]), the menstrual phase of females was estimated by establishing the number of days since their last menstruation onset (high: luteal = 1, follicular = 3, hormonal contraceptive = 5, missing = 1, low: follicular = 3, ovulation = 1, hormonal contraceptive = 6). The GABA concentration of the ovulating participant was within two standard deviations of the mean GABA concentration for their group and was thus included in the analysis.

2.2. Autism schizotypy questionnaire (ASQ) {#s0020}
------------------------------------------

The ASQ included all items from the AQ, SPQ, Coolidge axis II inventory (CATI+) schizotypy and schizoid scales, and short Eysenck personality questionnaire revised lie scale (EPQR-L). The AQ is a 50-item assessment of autistic tendency across five dimensions: social skills, communication, attention switching, attention to detail and imagination ([@bb0020]). The SPQ is a 74-item measure of schizotypal personality traits ([@bb0225]). Three superordinate dimensions encapsulate the nine sub-scales: ideas of reference, odd beliefs, unusual perceptual experiences, and suspiciousness (cognitive-perceptual features); social anxiety, no close friends and constricted affect (interpersonal features); odd behaviour and odd speech (disorganised features). The CATI+ schizotypy subscale consists of 22 items measuring odd beliefs and magical thinking, unusual perceptual experiences, suspiciousness, inappropriate or odd behaviour, and social anxiety ([@bb0035]). The schizoid scale consists of 10 items assessing long term absence of social relationships, solitary activities, muted affect and withdrawal. The 12 item EPQR-L assesses social desirability and response honesty ([@bb0075]). All items were presented on a 4-point Likert scale from 1(*strongly disagree*) to 4(*strongly agree*) ([@bb0075]). This study adopted a full-scale scoring system to provide higher item-item correlations and improve reliability ([@bb0010], [@bb0295], [@bb0095]). Thus, the scores on the AQ and SPQ, as analysed, yield a total out of 200 and 296, respectively.

The 168 ASQ items were presented on-line using the Opinio software interface ([@bb0215], [@bb0215]). With the original 1678 responses, a principle axis factor analysis with promax rotation was conducted with the AQ and SPQ subscales only, using SPSS version 23.0 ([@bb0145]). Following rotation, two factors yielded eigenvalues  \> 1; these factors were consistent with Ford and Crewther\'s Social Disorganisation and Perceptual Oddities factors ([@bb0095]), respectively, and with the two principal components reported by [@bb0060]. The full factor structure is presented in the Supplementary Information (SI) of [@bb0105]. Normalised regression *z*-scores for each participant on Social Disorganisation and Perceptual Oddities were calculated, with a mean value of zero. Those with a Social Disorganisation score in the top 20% (high Social Disorganisation) and bottom 20% (low Social Disorganisation, see SI Fig. 1) were contacted to participate in the ^1^H-MRS study, and the first 10 male and 10 female responders for each group were recruited to ensure age and sex matched groups, as well as adequate power. AQ and SPQ subscale scores for the high and low Social Disorganisation groups are presented in SI Table 1.

2.3. ^1^H-MRS protocol {#s0025}
----------------------

All ^1^H-MRS and T1-weighted images were recorded from a 3T Siemens TIM Trio whole-body magnetic resonance imaging system (Erlangen, Germany) with a 32-channel head coil, at the Swinburne University Neuroimaging Facility. T1-weighted images, for ^1^H-MRS voxel of interest localisation and tissue composition, were acquired sagittally using a magnetisation preprepared rapid gradient echo (MPRage) pulse sequence with an inversion recovery (176 slices, slice thickness = 1.0 mm, voxel resolution = 1.0 mm^3^, TR = 1900 ms, TE = 2.52 ms, TI = 900 ms, bandwidth = 170 Hz /Px, flip angle = 9°, field of view 350 mm  × 263 mm  × 350 mm, orientation sagittal, acquisition time = 5 min).

The T1 image was used to position a 20  × 30  × 20 mm voxel in the left and the right superior temporal gyrus, encapsulating the primary auditory cortex, temporoparietal junction and part of the inferior parietal lobe ([Fig. 1](#f0005){ref-type="fig"} (d) and SI Fig. 2). For localised glutamate quantification, an 80TE ([@bb0255]) PRESS sequence was employed with chemical shift selective (CHESS) ([@bb0125]) water suppression (TR = 2000 ms, bandwidth = 1200 Hz, 80 averages, acquisition time = 2 min 48 s). Eight spectral water averages were acquired with identical PRESS parameters and shim, but with water suppression turned off.Fig. 1Between group right and left hemisphere metabolite concentrations. High (blue) and low (yellow) Social Disorganisation group differences in (a) glutamate concentration, (b) GABA+ concentration and (c) glutamate/GABA+ ratio difference for right and left hemisphere superior temporal voxels. Means bars are presented with standard errors. (d) is an example voxel placement in the right (top) and left (bottom) superior temporal region. Note: \*\*\* \< 0.001, \*\* \< 0.025 (Bonferroni corrected alpha), \* \< 0.05. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

To quantify GABA, a MEGA-PRESS ([@bb0200]) editing sequence was applied with CHESS water suppression (TE = 68 ms, TR = 1500 ms, bandwidth = 1000 Hz, edit-on pulse frequency = 1.9 ppm, edit-off pulse frequency = 7.5 ppm, edit pulse bandwidth = 44 Hz, 120 averages acquired, duration = 6 min 6 s). During the edit-on sequence, a Gaussian editing pulse was centred at 1.9 ppm. The edit-on sequence was interleaved with an edit-off sequence in which a Gaussian editing pulse was centred at 7.5 ppm. The edit-off pulse at 7.5 ppm does not suppress macromolecular (MM) concentrations at 3.0 ppm, thus GABA+MM (GABA+) concentrations are reported. Twelve spectral water averages with identical MEGA-PRESS parameters were acquired with water suppression turned off. For all ^1^H-MRS scans, an automatic shim was complemented with manual shimming until the line-width was less than 20 Hz. An example spectrum of each voxel for each group is presented in SI Fig. 3.

2.4. Analysis {#s0030}
-------------

Analysis of the glutamate data was conducted with TARQUIN version 4.3.7, which uses a non-negative least-squares projection of a parametrised basis set (see SI Additional methods) to estimate signal amplitude in the time-domain ([@bb0290]). Eddy current correction was applied. All glutamate data had adequate fit, with signal to noise (SNR)  \> 20 and water line-width less than 12 Hz (see SI Table 2), although the left voxel data of participant was excluded due large water drift (water frequency SD = −6.88). No right hemisphere data was recorded for one male in the low Social Disorganisation group.

GABA+ analysis was conducted using Gannet\'s GABA analysis toolkit for Matlab (version 2.0), a specialised software package for GABA+ analysis ([@bb0065]). Gannet performs spectral registration in order to correct for frequency and phase drift ([@bb0210]). The edit-on spectrum was subtracted from the edit-off spectrum to expose GABA+ concentration at 3.0 ppm in institutional units (IU) relative to the water spectra ([@bb0205]); for a detailed description of the Gannet toolkit see [@bb0065]. All GABA spectra were adequate, with fit error less than 15% and creatine line-width less than 11 Hz.

There was no group or hemisphere difference in line-width, standard deviation of the water frequency, fit error or SNR for the glutamate and GABA+ spectra, except that GABA fit error was higher on average for the left compared to the right hemisphere voxel, and line-width was larger on average in the right compared to the left hemisphere voxel (see SI Spectra Quality and Table 2). Nevertheless, fit parameters are within a normal range, and the small differences in fit error and line-width between the hemispheres are insufficient to contribute to the reported concentration of GABA+.

Glutamate and GABA+ concentrations were corrected for individual voxel tissue composition differences using the formula given by [@bb0135] (see SI Additional methods). There was no difference between the groups or hemispheres in grey matter, white matter and cerebrospinal fluid (see SI Table 2).

Statistical analysis for all metabolite data was carried out using R. Data were excluded when concentrations exceeded three standard deviations from the mean (*n* = 2 low Social Disorganisation GABA+). Glutamate/GABA+ ratio was calculated and separate 2 (hemisphere) by 2 (group) mixed analyses of variance (ANOVAs) were conducted for glutamate concentration, GABA+ concentration and glutamate/GABA+ ratio, with age and handedness entered as covariates. Where interactions were significant, *post-hoc* independent samples t-tests were conducted. The critical alpha for glutamate/GABA+ ratio and the *post-hoc* independent samples t-tests were Bonferroni corrected for multiple comparisons (0.05/2 = 0.025). Omega (*ω*)^2^ and Hedges\' *g* were calculated as less biased measure of effect size estimate of the main effect and interaction terms, and *t*-tests, respectively.

3. Results {#s0035}
==========

^1^H-MRS of right and left hemisphere temporal voxels revealed decreased GABA+ concentration and increased glutamate/GABA+ ratio in the right hemisphere voxel, increased left hemisphere GABA+, and slightly increased glutamate concentration bilaterally, for the high Social Disorganisation group ([Fig. 1](#f0005){ref-type="fig"}). Participant demographics and metabolite descriptives are presented in [Table 1](#t0005){ref-type="table"}, [Table 2](#t0010){ref-type="table"}, respectively.Table 2*Post hoc* comparisons for GABA+ concentration and glutamate/GABA+ ratio between high and low Social Disorganisation groups in the right and left superior temporal voxel.*n*Mean (SD)*t*df*p*Hedges\' *g*Left GlutamateHigh192.69 (0.21)Low172.55 (0.17)GABA+High191.78 (0.24)2.0632.590.047\*0.69Low161.63 (0.21)Glu/GABA+High191.54 (0.23)−0.6729.180.5050.23Low161.59 (0.28)Right GlutamateHigh192.42 (0.12)Low172.28 (0.26)GABA+High191.55 (0.31)−2.3026.110.030\*0.79Low171.87 (0.50)Glu/GABA+High191.61 (0.28)3.2432.640.003\*\*1.09Low171.30 (0.31)[^2][^3]

For glutamate concentration, there was a significant main effect for group (*F*(1,18) = 9.71, *p* = 0.006, *ω*^2^ = 0.30), confirming an overall increase in glutamate concentration for the high Social Disorganisation group. There was also a significant main effect for hemisphere (*F*(1,33) = 37.68, *p* \< 0.001, *ω*^2^ = 0.51), with significantly more glutamate quantified in the left hemisphere voxel. There was no significant hemisphere by group interaction (*F*(1,33) = 0.09, *p* = 0.772, [Fig. 1](#f0005){ref-type="fig"}\[a\]).

Although there was no significant GABA+ concentration main effect for group (*F*(1,18) = 1.12, *p* = 0.304) or hemisphere (*F*(1,32) = 0.02, *p* = 0.905), there was a significant hemisphere by group interaction (*F*(1,32) = 10.49, *p* = 0.003, *ω*^2^ = 0.22).*Post-hoct*-tests confirmed significantly lower right hemisphere GABA+ concentration for the high Social Disorganisation group (*t*(26.11) = −2.30, *p* = 0.03, Hedges\' *g* = 0.79). There was significantly higher GABA+ concentration in the left hemisphere (*t*(32.59) = 2.06, *p* = 0.047, Hedges\' *g* = 0.69 ([Table 2](#t0010){ref-type="table"}, [Fig. 1](#f0005){ref-type="fig"}\[b\]); these differences did not survive multiple comparisons correction (critical *α* = 0.025).

There was no significant group (*F*(1,18) = 3.45, *p* = 0.08) or hemisphere main effect (*F*(1,32) = 2.31, *p* = 0.138) for glutamate/GABA+ ratio, however, the hemisphere by group interaction was significant (*F*(1,32) = 10.01, *p* = 0.003, *ω*^2^ = 0.21). *Post hoct*-tests confirmed significantly higher right hemisphere glutamate/GABA+ ratio for the high Social Disorganisation group (*t*(32.64) = 3.24, *p* = 0.003, Hedges\' *g* = 1.09). There was no difference in left hemisphere glutamate/GABA+ ratio (*t*(29.18) = −0.67, *p* = 0.506) ([Table 2](#t0010){ref-type="table"}, [Fig. 1](#f0005){ref-type="fig"}\[c\]).

4. Discussion {#s0040}
=============

This is the first study to investigate cortical glutamate and GABA+ concentrations in the shared, non-clinical autistic and schizotypal trait phenotype, Social Disorganisation. ^1^H-MRS was applied to right and left hemisphere superior temporal region voxels that included the auditory cortex. The findings suggest neurochemical differences between high and low reporters of Social Disorganisation. The key finding from this study was of increased glutamate/GABA+ ratio in the right, but not left, superior temporal region for the high Social Disorganisation group. Overall, glutamate concentration was increased for the higher Social Disorganisation group across the two voxels, and there was more glutamate in the left compared to the right voxel across both groups.

Increased glutamate/GABA+ ratio in the right superior temporal region for those reporting a higher degree of the Social Disorganisation trait phenotype supports theories of hyper-glutamatergia within the autism spectrum, which suggests a GAD enzyme deficit and/or a greater number of glutamate synthesising glial cells ([@bb0090], [@bb0080]), and of NMDAr hypo-function within the schizophrenia spectrum ([@bb0180]). Increased glutamate/GABA ratio has previously been reported in children with autism ([@bb0130]), while negative symptoms and poor global functioning have been associated with increased glutamatergic excitation ([@bb0070], [@bb0280]).

The difference in glutamate/GABA+ ratio between the groups was driven by reduced right temporal GABA+ and an overall increase in glutamate concentrations for higher reporters of Social Disorganisation. Reduced GABA+ concentration in the auditory processing centres is in line with reports of reduced auditory cortex GABA/creatine ratio in children with autism, as well as their siblings ([@bb0240]). Furthermore, frontal lobe GABA concentration has been found to be reduced in both autism and schizophrenia ([@bb0180], [@bb0130]). A deficit in inhibitory GABA+ may result in cortical disinhibition and, therefore, cortical over-excitation in the superior temporal region, which subsequently affects the neuronal growth and connectivity essential for normal functioning ([@bb0130], [@bb0250]).

It is important to note that glutamate concentration does not necessarily reflect the degree of excitation, as ^1^H-MRS cannot distinguish between excitatory synaptic neurotransmitter glutamate and dormant cellular glutamate ([@bb0265]). Nevertheless, [@bb0270] demonstrated a relationship between cortical excitation and glutamate concentration. Similarly, ^1^H-MRS cannot currently distinguish between the two major pools of GABA+, therefore results reflect a reduction in the concentrations in neurotransmission and/or neuromodulatory pools of GABA+ ([@bb0265]).

Excitation/inhibition balance in the auditory system is essential for appropriate auditory responding, and necessary for perceptual, cognitive and executive functions ([@bb0250]). Over-excitation may lead to cortical instability, which significantly impacts synaptic and/or circuitry plasticity ([@bb0250], [@bb0165]). In the auditory cortex, excess excitatory/inhibitory processes may lead to hyper-reactivity or hyper-sensitivity to environmental auditory stimuli, and could be associated with deficits in the social and communication skills characteristic of the autism and schizophrenia spectra ([@bb0245], [@bb0120]), particularly within the Social Disorganisation phenotype. Altogether, these findings suggest that increased right temporal glutamate/GABA+ ratio in high Social Disorganisation might be related to social and interpersonal deficits, which may be representative of similar symptom characteristics across the autism and schizophrenia spectra.

The right hemisphere is involved in the processing of prosody and the paralinguistic aspects of language ([@bb0170]), and may in part explain to the lateralisation of the glutamate/GABA+ ratio difference identified in this study. Prosody, including pitch, stress and emotion, allows for the communication of meaning though articulation. Dysfunction in right hemisphere language centres has been found to result in flattened affect ([@bb0170]), a central feature of the Social Disorganisation trait phenotype. Damage to the right hemisphere has also been associated with difficulty in interpreting prosody and, in turn, the capacity for one to understand the emotional content of the speech of others. Furthermore, right hemisphere damage has been associated with difficulty understanding sarcasm and overly literal interpretations of proverbs, idioms and metaphors ([@bb0170]). A glutamate/GABA+ ratio difference in this region might, therefore, have downstream effects on the interpretation and understanding of language.

There was a trend level increase in the left superior temporal voxel GABA+ concentration for the high Social Disorganisation group, suggesting that differences between groups may be lateralised. The left superior temporal voxel included Wernicke\'s area, the speech comprehension centre of the cortex ([@bb0170]). Increased GABA+ might indicate increased inhibition in this region, perhaps leading to a reduction in the capacity of this region to process language.

These data also show significantly more glutamate in the left compared to right temporal voxel across both groups. To the authors\' knowledge, this is the first study to identify glutamate hemispheric asymmetry in a non-clinical population. One possible explanation is that due to the left temporal dominance in speech comprehension and production ([@bb0170]), higher regional glutamate reserves are required for efficient initial interpretation of incoming auditory information.

The significant implications of this the findings of this study are three-fold. First, these data suggest a spectrum of glutamate and GABA+ concentration differences within the non-clinical Social Disorganisation phenotype, and that these differences coincide with those reported across the autism and schizophrenia spectra. Furthermore, the group differences are unaffected by acute effects of psychiatric medications, a potential confound of much of the clinical literature ([@bb0240], [@bb0025], [@bb0285], [@bb0180]).

Secondly, considering the apparent spectrum nature of neurochemical deficits, it is concerning that clinical studies rarely report trait symptoms in control samples ([@bb0100]). Given the evidence herein, future research should incorporate trait assessments for both clinical and non-clinical samples in order to control for trait-related variability of neurochemical concentrations ([@bb0100]).

Finally, neurochemical abnormalities may be more specific to spectrum phenotypes rather than spectrum conditions as a whole, with increased glutamate/GABA+ ratio perhaps more closely related to the Social Disorganisation phenotype. Further research into this area is therefore warranted in order to investigate the translation of these findings to the clinical population. Such research would inform pharmaceutical research into interventions that target the glutamatergic and GABAergic systems, systems that may be more effective in reducing the severity of pervasive psychosocial symptoms. Targeting the glutamatergic system early has been shown to normalise elevated glutamate concentrations and reduce symptoms severity ([@bb0050]), as well as reducing the severity of cognitive decline from psychosis onset ([@bb0055]). First however, specific mechanisms for abnormalities in clinical conditions must be elucidated.

Although the inclusion of those at the extreme ends of the non-clinical Social Disorganisation spectrum could be seen as a limitation, the purpose was to first establish the presence of neurochemical differences within the spectra. Furthermore, as the self-report ASQ relies on introspection and recognition of ones own social skills, by taking only the top and bottom quintiles of Social Disorganisation reporters, subjective error is accounted for. It might be expected that the high Social Disorganisation group would have a higher prevalence of an autism or schizophrenia spectrum disorder, however, considering the sample was derived from a general population and was based on a single shared domain of symptoms, it cannot be assumed that those in the high group would also meet clinical criteria for other required dimensions, such as the positive symptoms of schizophrenia and restricted and repetitive behaviours of autism. Furthermore, due to the multidimensional and spectrum nature of many brain disorders, it is possible that the Social Disorganisation phenotype is present in other psychopathologies, such as anxiety and depression. However, this does not imply that Social Disorganisation does not exist, and we suggest that the isolation of the Social Disorganisation phenotype provides a truer representation of a specific dimension that exists within the autistic and schizotypal spectra. Finally, in order to isolate auditory regions a smaller voxel was used, however, statistical analysis demonstrated clearly that, despite this smaller voxel and relatively short scan time, the group differences were robust.

4.1. Conclusion {#s0045}
---------------

This study demonstrates increased glutamate/GABA+ ratio for high compared to low scorers on the shared autistic and schizotypal non-clinical trait phenotype, Social Disorganisation. The difference between the groups is indicative of an abnormality that might explain some of the behaviours associated with this shared phenotype, such as social and communication difficulties. These findings have major implications for future research into the broader autism and schizophrenia spectrum disorder phenotypes, particularly the role of glutamate and GABA+. Furthermore, results highlight the need to record and report trait-related data in both experimental and control groups. In conclusion, increased glutamate/GABA+ ratio in the right auditory region may lead to behavioural and cognitive characteristics of the shared Social Disorganisation phenotype with in the autism and schizotypal spectra.

Appendix A. Supplementary data {#s0050}
==============================

Supplementary information includes: the distribution of Social Disorganisation scores across the whole sample of 1678 participants, and demonstrates participant recruitment (Figure 1); AQ and SPQ subscale scores for the high and low Social Disorganisation groups (Table 1); an example of the left and right superior temporal voxel placement (Figure 2); details regarding the spectra quality; and additional details regarding the method.
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Supplementary data to this article can be found online at [http://dx.doi.org/10.1016/j.nicl.2017.07.009](10.1016/j.nicl.2017.07.009){#ir0005}.

[^1]: Social Dis. = Social Disorganisation.

[^2]: SD = standard deviation, df = degrees of freedom, \* = *p* \< 0.05, \*\* = *p* \< 0.025 (Bonferroni corrected alpha).

[^3]: Metabolite concentrations are given in institutional units.
